Stomachs from subadult male northern fur seals (SAMs) (Callorhinus ursinus) (n ϭ 5,950) from St. Paul Island, Alaska, were examined from 1987 to 1999 for lesions and parasites. On gross examination of these stomachs, parasite nodules were evident in 92% of the stomachs and active and healing ulcers were found in 14% and 10%, respectively. Prevalence of nematodes from 1987 to 1997 was 88% for 5,700 SAMs for which numbers of parasites were estimated but not identified to the genus level. All nematodes recovered from 250 SAMs examined in 1998 (n ϭ 124; 99% infected) and in 1999 (n ϭ 126; 91% infected) were identified and counted. Prevalences in 1998 and 1999 were 5% and 0% for Anisakis spp., 52% and 18% for Contracaecum spp., and 96% and 89% for Pseudoterranova spp., respectively.
Gastric lesions associated with ascaridoid nematodes have been described previously in pinnipeds. 3, 6, 12, 13, 16, 17, 19 Ascaridoids are reported to erode the gastric lining, resulting in autodigestion of the stomach wall by the host, causing ulceration with connective tissue proliferation and granulation. 19, 22 Larvae and adults can perforate the gastrointestinal tract and cause peritonitis. 9, 18, 22 Each summer on St. Paul Island (SPI), Alaska (57Њ15ЈN,170Њ20ЈW), Aleuts are permitted to kill a specific number of subadult male northern fur seals (SAMs) (Callorhinus ursinus), mostly 3-and 4-yearolds, for subsistence. 27 These animals are gathered from haul-out areas that are occupied predominately by young males and gender-selected by experienced persons. Sex of the animals was verified at necropsy. This provided an opportunity to collect the stomachs from 5,950 SAMs from 1987 to 1999 for the investigation of the gastric lesions and parasite burden of these animals, which is reported in this study.
Materials and methods
General. All the stomachs examined in this investigation were collected from SAMs killed during the annual northern fur seal subsistence harvest in July and August of each year of the study. There were two phases in this investigation: 1) a gross examination of the stomachs of 5,700 SAMs from 1987 to 1997 for the presence of parasites, nodules, and ulcers, and 2) a more thorough examination of the stomachs of 250 SAMs in 1998 and 1999. The second phase included the preceding phase in some aspects in addition to the collection, identification, and enumeration of all parasites.
First phase. Stomachs were collected and placed in a 3.8 liter bucket during each harvest. These stomachs were then taken to an indoor laboratory, placed on a stainless steel table, and opened along the greater curvature. The number of gastric nematodes was visually estimated (light ϭ Յ25, moderate ϭ Ͼ25 but Ͻ50, and heavy ϭ Ն50) during gross examination. Active and healing ulcers were counted. Active ulcers were nodules, 2-15 mm in diameter with a red ulcerated center. Many of the active ulcers had nematodes in the bed of the ulcer. Healing ulcers were raised masses that had a gray to white ulcerated center Ͼ2 mm in diameter and had no evidence of embedded feeding parasites. The stomach wall was palpated to detect nodules. Nodules were raised, smooth, rounded masses, 2-20 mm in diameter, located within the gastric mucosa and covered by intact epithelium. Selected tissues were preserved in 10% neutral-buffered formalin, embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin. 14 Warthin Starry silver stain 14 was used on sections of active ulcers from 10 animals to detect Helicobacter-like sp. Swabs from two active ulcers were taken, streaked onto blood agar plates, and cultured for bacteria by routine methods.
Second phase. Stomachs were collected in July 1998 (n ϭ 124 SAMs) and 1999 (n ϭ 126 SAMs) and placed in individual plastic bags. They were examined grossly as in phase one, except that all the nematodes were saved for identification and enumeration. Parasites were washed from the stomach walls while rubbing the mucosa to remove attached parasites. After a Note the normal gross appearance and thickness of the mucosa. B, a nodule in the stomach. Note the two holes in mucosa (arrows) where parasites were embedded. C, cut surface of a large mucosal nodule (see Fig. 1B ). Note fragments of parasites in center of this nodule (arrow). D, a small active gastric ulcer. Note the raised ulcerated mucosa with a hole 3 mm in diameter and containing 3 parasites.
final check for nematodes, the stomach was discarded. All gastric contents were rinsed with water into a labeled interlocking plastic bag and preserved with 5% formalin. Preserved material was washed into a 60mesh sieve (250 m openings). Residual matter was back-flushed with water into a glass dish. Nematodes remaining on the sieve were removed with forceps. The residue was examined under a 3ϫ floating lens. Parasites were removed and put in vials containing an alcohol-formalin-glycerin preservative. 23 Specimens were cleared in beechwood creosote, identified under a compound microscope (63ϫ, 160ϫ, and 400ϫ), and counted. Identification of the nematodes was accomplished with the aid of several descriptions, drawings, and checklists. [4] [5] [6] [7] [8] 11, 15, 20, 26 Voucher specimens (Accession Nos.: USNPC 090939.00 for Pseudoterranova spp. and USNPC 090940.00 and 090941.00 for Contracaecum spp.) were deposited in the US National Parasite Collection, Animal Parasitology Institute, USDA Building, 1180 BARC-East, Beltsville, Maryland 20705.
Results

Morphologic examination
General. The stomach wall of a SAM, devoid of ascaridoids or lesions, was approximately 0.75-1.0 cm thick and had numerous rugae ( Fig. 1A ). Three types of gross lesions were found in stomachs: 1) nodules, 2) active ulcers, and 3) healing ulcers; data for 1998 and 1999 are summarized ( Table 1 ). Of the stomachs examined from 5,950 SAMs, parasite nodules were found within the mucosa of 92%, active ulcers in 14%, and healing ulcers in 10%.
Nodules. Nodules often had small (1-2 mm) holes in the center (Fig. 1B) . Transverse sections commonly revealed parasite fragments in the nodules (Fig. 1C ). Parasites were often embedded within these nodules ( Fig. 1D ). On the cut surface of nodules, nematodes could be found embedded deeply within the submucosa ( Fig. 2A) . Histologically, nodules were covered by intact epithelium and were composed of granulomatous inflammation, which was surrounded by fibroplasia that contained small fragments of parasite cuticle. Microabscesses, some of which contained fragments of parasite cuticle, were found within nodules. A mild infiltrate of macrophages, lymphocytes, and neutrophils, with occasional eosinophils, was present within nodules. Multinucleate giant cells usually surrounded parasite cuticle fragments.
Active ulcers. Active ulcers were found throughout the stomach but were located commonly at the cardia and pylorus. Occasionally, numerous nematodes were Fig. 1D ). Note raised ulcerated mucosa with parasites penetrating deeply into the submucosa. B, a large active gastric ulcer. Note numerous parasites in the center of this ulcer. The bed of this ulcer is approximately 2 cm in diameter. C, cut surface of a large active gastric ulcer (see Fig. 2B ). Note that the parasites in the center of the ulcer penetrate deeply into the submucosa. D, a healing gastric ulcer. Note that there are no visible parasites in the center of the ulcer. The ulcerated area is 1.5 ϫ 0.5 cm. embedded within the ulcerated center (Figs. 2B, 2C ). Ulcers extended deep into the submucosa. The majority of active ulcers had several parasites attached to the bed of the ulcer. Histologically, the edges and bed of the active ulcers were infiltrated by macrophages, plasma cells, lymphocytes, neutrophils, and multinucleate giant cells surrounded by fibroplasia. Numerous fragments of both dead and viable parasites were embedded deep within the base of the ulcers and in the submucosa. Frequently, cuticular fragments were surrounded by multinucleate giant cells and bacteria.
Healing Ulcers. Healing ulcers had features of both active ulcers and nodules. Viable nematodes were not observed grossly in healing ulcers (Fig. 2D ). Ulcers varied in size from 2 to 15 mm in diameter. Histologically, they were similar to the active ulcers and commonly contained fragments of parasite cuticle surrounded by macrophages and multinucleate giant cells deep within the submucosa. The major difference between active and healed ulcers was viable parasites feeding within the active ulcers and the degree of fibroplasia in the healing ulcers.
In the 5,950 SAMs examined, there was no evidence of inflammation on the stomach serosa or on other tissues and organs in the abdominal cavity, which might indicate present or prior perforation of the stomach wall by nematodes. A beta Streptococcus sp. was isolated from swabs taken from two active ulcers. Stained sections of stomach mucosa and ulcers did not reveal any Helicobacter-like sp.
Parasitologic examination
First phase. Of the 5,700 stomachs examined grossly from 1987 to 1997, estimated numbers of nematodes revealed that 12% did not have any visible parasites, 86% had light infections, 2% had moderate infections, and 0.08% had a heavy infection of parasites.
Second phase. From the stomachs of 250 SAMs, harvested in 1998 and 1999, three genera of ascaridoids (Anisakis spp., Contracaecum spp., and Pseudoterranova spp.) were identified ( Table 2 ). In 1998, 123 of 124 (99%) SAMs were positive for nematodes, including Anisakis spp. (5%), Contracaecum spp. (52%), and/or Pseudoterranova spp. (96%). The number of SAMs infected with either Contracaecum spp. or Pseudoterranova spp. was 61 (49%). Coincidentally, 49% of the SAMs harbored both these genera, and more specimens of females than males were present, especially for Contracaecum spp. Only a few specimens of Anisakis spp., a total of 9 from 6 fur seals, were recovered. Data for 1999 indicated 115 of 126 (91%) SAMs were infected with Contracaecum spp. (18%) and/or Pseudoterranova spp. (89%). Eighty-seven (69%) were infected with 1 of the 2 genera and 28 (22%) with both genera. Female specimens, particularly of Contracaecum spp., were more prevalent than males, as found in 1998. Anisakis spp. were not found in 1999.
Discussion
Lesions characterized by nodules and ulcers were found in the gastric mucosa of most of the 5,950 subadult male C. ursinus in this study. Most lesions were not severe and were related to nematodes in the mu-cosa and submucosa of the stomach and the reaction of the host to them. A single large parasite potentially could cause a relatively deep lesion into the mucosa and submucosa. The active ulcers were often associated with clusters of nematodes. A suggested hypothesis of these clusters is the following: a parasite breaks through and burrows deep into the submucosa. Then, the parasite and/or host secrete bioactive substances that attract other parasites to this particular feeding site, thus causing these lesions.
The healing ulcers and nodules were probably resolving feeding sites of the ascaridoids. On histologic examination, many of these lesions contained fragments of nonviable parasites. An expulsion (self-cure) phenomenon observed in domestic sheep infected with Haemonchus contortus 23 also possibly may occur in northern fur seals with ascaridoids.
Even though prevalence of gastric parasites and lesions was high in northern fur seals in the present study, there were no demonstrable negative effects. It should be emphasized that SAMs examined in the present study appeared to be healthy and were killed purposely for food by the Aleut people. Contrasted with this are pinnipeds found dead and the cause of death, in several instances, attributed to acaridoids by other investigators. 19, 22 Contracaecum osculatum and Porrocaecum decipiens have been reported previously in C. ursinus. 4 In an examination of parasites collected in 1899 from northern fur seals in Alaska, Lucas 24 found one ascaridoid species called Ascaris decipiens, which probably is in the genus now called Pseudoterranova. 10 The term "mawworms" (stomach worms) was used as a common name for nematodes in the genus Ascaris in pinnipeds. 24 Anisakis pacificus have been reported from C. ursinus. 5 The high prevalence of ascaridoids in the stomachs of SAMs is similar to that reported in 1964 in C. ursinus. 12 In that study, 99.7% of 1,355 C. ursinus collected in the North Pacific Ocean and Bering Sea in 1962-1963 were positive for these nematodes. Counts of ascaridoids from 80 of these infected fur seals revealed 1-400 specimens per individual. Mean values were 18.6 in yearlings, 32.8 in 2-year-olds, 44.3 in 3year-olds, and 39.5 in 4-year-olds. The parasite counts were much higher in that study than in the present study.
Ascaridoids in northern fur seals typically have marine invertebrates and fish as intermediate hosts. 1, 21 For the life cycle to continue, sufficient numbers of infected intermediate and definitive hosts are necessary for "recycling" of the parasites. The prevalence of these nematodes is apparently as high currently as it was decades ago; however, the intensity is low. Possible reasons for the reduced parasite burdens are: 1) there has been an enormous decline in the overall fur seal population, 25 and 2) in some feeding areas, there has been an apparent decrease of certain species of fish usually eaten, necessitating consumption of other species. 2 These factors may have caused a reduction in the pool of infected marine invertebrates and fish in feeding areas of northern fur seals breeding on SPI. Similar species of ascaridoids are found in other species of pinnipeds and cetaceans, 5,6 some of which can be an indirect source of infection of fur seals by providing larval infections in intermediate hosts.
This investigation provides an indication of the current prevalence of ascaridoids and description of gastric nodules and ulcers in subadult northern fur seals on SPI, Alaska.
